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‘RESEARCH MEMORANDUM

INVESTIGATION OF SYMMETRICAL BODY INDENTATIONS DESIGNED
TO REDUCE THE TRANSONIC ZERO-LIFT WAVE DRAG OF A
45° SWEPT WING WITH AN NACA 64A0O6 SECTION AND
WITH A THICKENED LEADING-EDGE SECTION

By George H. Holdaway and Elaine W, Hatfield
SUMMARY

This wind-tunnel investigation was conducted at Reynolds numbers of
about. 7,000,000 based on the mean aserodynamic chord of the wing and the
tests covered a Mach number range from 0.6 to 1.2, Two airfoils of the
same maximum thickness were tested to evaluate the effect of a large
leading-edge radius with increased thickness over the forward 40O percent
of the chord on the relisbility of the predictions of the supersonic ares
rule, The basic wing had an aspect ratlio of 3, a leading-edge sweep
of 45°, a taper ratio of 0.4, and NACA 64AQ0O6 sections perpendicular to
a line swept back 39.45° R the quarter-chord line of these sections. The
modified wing was similar to the basic wing in plan form; however, the
leading-edge radius of the modified airfoil was about five times as great
as that of the basic airfoil. Both wings were tested with a finenesgs-
ratio-12.5 Sears-Haack body and with this body indented for the respectlve
wings for deslgn Mach numbers of 1.05 and 1.20, The basic-wing model was
also tested with the body indented for a design Mach number of 1.00.

The test results indicated that indentations designed for the modified
wing were as effective in reducing the wave drag as those for the basic
wing. For this investigation the leading edges of the wings were at all
times subsonic or behind the Mach lines, With all the indentations tested,
substantial reductions in zero-lift drag were obtalned at all supersonic
speeds, The M = 1,05 indentations were almost as effective as the
M = 1,20 indentations at M = 1.20, and as the M = 1,00 indentation
(basic wing) at M = 1.00. Thus for the configurations tested the
M = 1.05 design probebly approaches the best compromise design for the
test Mach numbers. For similar or thinner wings and similar body sizes
relative to the wings, the test data indicated that the wing volume
exposed by indentation of the body may be neglected in designing inden-
tations for supersonic Mach numbers; however, this additionsl wing volume
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wag included in all the wave-drag computations., The experimental drag-
rise coefficients were adequately predicted at all supersonic Mach num-
bers by theoretical computations for the models wlth elther the basic or
modified wing section.

INTRODUCTION ™

The wing-tunnel investigation of & thin swept wing reported in
reference 1 illustrated how a section modification, consisting of a
greatly increased leading-edge radius and slight forward camber, was
effective in improving the stability, drag, and high-1ift characteristics
of the wing at low speeds. For the supersonic range of test Mach numbers
M=1,2 to 1.9 (ref. 1), the modification resulted in an increase of wave
drag which made the modified wing inferior to the basic wing except at
1ift coefficients greater than 0.6. The increase in wave drag was
attributed primerily to the change in ares distribution.

The primary purpose of the present investigation was to determ’ 1e if
the wave-drag penalty associlated with the change of area-distribution of
the modified wing might be eliminated by suitable body contouring; in
other words, to determine if the supersonic area-rule principles of refer-
ences 2 and 3 can be successfully epplied to a wing with a blunt airfoil
section for speeds at which the wing leading edge is subsonic (component
of veloclty normel to the leading edge less than the speed of sound).

Another obJject of the investigation was to compare the relative merits

of various indentations (each designed for a specific Mach number) in terms
of average drag reduction through the transonic Mach number range. For
indentations designed for M = 1.20 an additional question considered was
whether indentations should be designed to compensate for wing volume
exposed by the indentation.

For the wind-tunnel investigation reported herein, a wing was selected

with the same thickness distribution as the modified wing of reference 1,
but with the camber removed to isolate the effect of the change in area
distribution, The basic wing of this investigation was the same as the
basic wing of reference 1, The fuselage indentations were generslly
designed by the procedure outlined in reference 2, and the wave-drag
coefficlents for each configuration were predicted by the computing
procedure of reference ki,

The tests were conducted in the 14-foot transonic wind tunnel at the
Ames Aeronautical Laboratory over a Mach number range of 0.6 to 1.2 at
Reynolds numbers of about 7,000,000 based on The mean aerodynemic chord
of the wing. '

The symbols used in this report are defined in Appendix A.
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A sectional view of the high-speed region of the Ames 1lh-foot
transonic wind tunnel is shown in figure 1. This tunnel is of the closed
return type with perforated walls in the test section., The flexible walls
ahead of the test section are used t0 produce the convergent-divergent
form required to generate supersonic Mach numbers up to 1.2.

Models are mounted by means of a sting and the forces are measured
as electrical outputs from a strain-gage balance located within the model.
A photograph of the model support system is shown in figure 2, which shows
a rear view of the test section of the wind tunmnel.

This tunnel is similar to the smaller Ames 2- by 2-foot transonic
wind tunnel which is desecribed in detall in reference 5. One exception,
however, is that the 1h-foot tunnel is not of the variable density type,
but operates at atmospheric pressure.

MODELS AND TESTS

The models used in this Investigation consisted of wing and body
combinations of essentially the same plan form as lllustrated in the
dimensional sketch of figure 3. The baslc body was a Sears-Haack body
(body with minimum transonic drag for given volume and length) and had
a closed-body fineness ratio of 12.5.

The basic wing had an aspect ratlo of 3, a leading-edge sweep of 450
a taper ratio of 0.4, and NACA 64AQ06 sections perpendicular to & line
swept back 39. h5 which was the gquarter-chord line of these sections. The
coordinates of this airfoll section are listed in teble I with the corres-
ponding coordinates of the streamwise section, The sweep Of the stream-
wise gquarter-chord line was 40.60°. The wing plan-form area was 8.72
square feet including the reglon within the body.

The modified wing had a leading-edge sweep angle of h5.3° and, in
comparison with the basic wing, an airfoil with a greatly increased
leading-edge radius (ebout five times) and with increased thickness on
the forward 40 percent of the chord., These airfoil coordinates are also
listed in table I. The leading-edge sweep was altered from that of the
basic wing due to the increase of the streamwlse length of the chords of
about 2 percent. This modified wing had a symmetrical section of the
same thickness distribution as the slightly cambered wing of reference 1.

Five different bodies were tested with the basic wing and four bodies
with the modified wing. The body radii sre listed in table IT and the
cross-sectional area distributions normal to the longltudinal axis are
presented in figure L, :
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Basic-Wing Bodies Modified-Wing Bodiles
Sears-Haack body Sears-Haack body
M = 1,00 re-indentation ; o
M = 1.05 indentation M = 1.05 indentation
M = 1.20 indentation M = 1.20 indentation
M = 1.20 re-indentation M = 1,20 re-indentation

The indentations were of circular cross section and were designed as
outlined in reference 2 by indenting for the wing volume ocutside the
given Sears-Haack body, The M = 1.00 and M = 1.20 re-indentations were
computed as a functlon of the wing volume exposed by the indentation and
hence were deeper than the normal indentations. The equations used for
this type computation are given in Appendix B which also outlines the
procedure used to compute the wing cross-sectional areas. For very thin
wings the volume exposed by the indentation may be trivial, but for the
wingi(tisted, this was not the case, as is illustrated in figures L(e)
and 4(f).

Photographs of two of the models are shown in figure 5. The modified
wing with the Sears-Haack body ig shown in figure 5(a) and the basic
wing with the M = 1,20 re-indentation is shown in figure 5(b). This
re-indentation was the deepest indentation tested with the basic wing.
The location of the pressure orifices for the body and the wings is
presented in figures 6(a) and 6(b), respectively.

The test data included force, moment, and pressure measurements teken

at angles of attack from about -4O to +6° at Mach numbers from 0.60 to
1.20, At a Mach number of 0.60 additional dats were taken at higher angles
of attack up to about +9°., The Reynolds number per foot for these tests
was almost 4,000,000 and the Reynolds number based on the meen aero-
dynamic chord of the basic wing varied from sbout 6,000,000 to 7,000,000

ags shown in figure 7.

All c¢coefficlents are based on the area and the mean aerodynamic
chord of the basic wing, and the pitching moments were camputed about the
quarter-chord point of the mean aerodynamic chord of the basic wing. Tun-
nel blockage for all models was less than one-half of one percent, based
on either frontal area or the maximum cross-sectional ares of the wing-
body combinations, and the date should be relatively free of wall inter-
ference, as indicated in reference 5. The angle~of-attack data were
corrected for tunnel alr-stream angularity which was less than 1° for all
Mach numbers. The drag data were corrected by the removal of base drag.
To obtain this correction the pressure at the hollow base of each model
was corrected to correspond to free-stream static pressure. As & check
on this procedure for removing the base dreg and as an approximate check
Tor possible sting interference effects, the Sears-Haack body was tested
without wings so that the drag deta could be compared with the theoretical
wave-drag value corrected for the cut-off portion of the body.
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RESULTS AND DISCUSSION

The presentation of the various aserodynamic coefficients and their
discussion will be in three parts: comparison of the basic-wing models
with the modified-wing models, comparison of experimental and predicted
zero-11ft wave-drag coefficients, and comparison of indentations, Presen-
tatlon of the pressure data will be secondary with emphasis primerily on
their use to assist in the understanding of the drag data. Data for the
model with the M = 1,00 re-indentation for the basic wing was obtained
as part of another investigation and will be used in this report primarily
for comparison with the results for the M = 1.05 indentation for the
basic wing. (The simple M = 1.00 indentation for this wing has not been
tested.) The results for the M = 1.20 re-indentations for the basic and
modified wings were essentially identical to the results for normal inden-~
tations, so the presentation of the data for the re-indentations was
restricted to the zero-lift drag coefficlients which were slightly differ-
ent, Throughout the report the experimental zero-lift drag coefficlents
for the various configurations are generslly compared directly without
taking incremental values of drag-rise coefficients, because greater con-
fidence in the data results when it is evident that there are not any
large variations in subsonic drag coefficients between models.

Comparison of Basic- and Modified-Wing Models

Static aerodynamic characteristics of the basic- and modified-wing
models with the Sears-Haack body, the M = 1.05 indentations, and the
M = 1.20 indentations are presented in figures 8, 9, and 10, respectively.
Although the zero-lift drag data are of primary importance in the report,
it is of interest to note first that the lift-curve slopes, stability
changes, etc., are not very different for the two wings when tested with
comparable bodies. For instance, the maximum lift-drag ratios for the
two wings with various bodies are similar, as shown in figure 11. With
the Sears-Haack body the modified-wing lift-drag ratios were equally as
good as or better than the basic-wing model except at the highest test
Mach number of 1,20, With the indented bodies, the modified-wing models
had inferior meximum 1ift-drag ratios at the high subsonic speeds and at
all supersonic speeds in comparison with the basic-wing models.

The zero-lift drag coefficients for the two wings with various bodies
are presented in figure 12, This figure clearly indicates that at tran-
sonic speeds the zero-lift drag coefficlents for the two wings are quite
similar either with the Sears-Haack body or with their respectively
indented bodies. Thus the indentations designed for the modified wing
were fully as effective in reducing the zero-lift wave drsg as those for
the basic wing. An unexpected result, shown in figures 12 and 8(c), for
the tests with the Sears-Haack body, is that at Mach numbers near 1 the

‘1.“"- 1“;14'-_1{.’;.-'.}
Y EPEeTy
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modified wing had the lower drag coefficients of the two wings. At Mach
numbers near 1.2, the basic-wing models had drag coefficients which were
consistently lower than the comparable modified-wing models, >

The zero-l1lift pressure-coefficient distributions are presented for
the basic- and modified-wing models over oné quadrant of the models
(fige. 13 and 14), Figure 13 presents the scales and layout which should
be used with figure 14 for orientation of the pressure curves. The verti-
cal lines in figure 14 are at orifice locations ag defined in figure 6.
In the pressure distributions shown in figure 14 the stagnation pressures —.
have not been shown., Tebulated values of pressure distribution corre-~
sponding to each curve of figure 1i4 are listed in table ITII. A few stag-
natlon pressures are missing from table IIT due to elther a leak or a
restriction in the pressure lines; however, the stagnation pressures were
similar for the two wings.

As should be expected, the pressure distribution.over the forward
portion of each wing was quite different, that is, the pressure distribu-
tion for the basic wing is typlcel of s low-drag section and the distri-
bution for the modified wing is somewhat similar to older conventionsl
sections. In spite of this difference between wings shown in figure lh,
it is of interest to note in the same figure that the body pressure
distributions for the M = 1.05 indentations are very similar for the
two wings et all Mach numbers except for body locations near the wing
leading-edge Juncture with the body.

Although this presentastion (fig. 14) of the pressure date illustrates
primarlily the difference between wings, the favorable effects of the inden-
tations, which will be dlscussed later, are particularly evident on the
bodies and evident to some extent over the entire wing span.

Another comparison of the differences in the sectlons of the two
wings can be made by plotting the pressure data in a different manner,
as shown by a few examples in figure 15. These curves compare the basic-
and modified-wing pressure coefficients at one spanwise station (0.51 b/2).
The shaded regions are effectively thrust or drag parameters as defined by
the equation

The thrust is defined in this cese merely as negative drag. The pressure
draeg coefficient for the section can be obtiined by multiplying the net
area by half the maximum wing thickness and dividing by the loeal chord.
For the curves shown in figure 15, it is evident for the representative
spanwise station selected that the basic wing does not have any thrust

at supersonic speeds. The basic wing on the body indented for M = 1.05 B
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had a marked reduction of the section-pressure drag (fig. 15(c)) in
comparison with this wing on the basic body (fig. 15(a)). A similar
comparison for the modified wing models shows a marked increase in the
thrust area as a result of the indentation. These curves also show that
a large portion of the thrust area of the modified wing 1s offset by the
drag area.

The similarity of the present zero~lift drag data for the basic and
modified wings with the Sears-Hasack body is somewhat in disagreement with
the supersonic data from reference 1, which indicsted a larger penalty in
wave drag due to the modification of reference 1. (The data of refer-
ence 1 for M = 1.20 are relatively inaccurate because of large effects
of reflected shock waves.) The zero-lift drag-rise coefficients for the
two tests are compared in figure 16. The drag-rise coefficients were
obtained by subtracting the subsonic zero-1ift data at M = 0.8 from the
zero-1ift date at gll higher Mach numbers., The friction-drag coefficient
variation with Mach number was not considered, because it would be similar
for the two wings and small for Mach numbers less than 1.2, Theoretical
wave-drag coefficients were computed for the transonic speeds by the
method of reference h, and the solutions were limited to 25 terms; that
is, effectively 25 harmonies of a Fourier sine series were used to
represent the derivative of the area curves. The modification investi-
gated in reference 1 included a slight amount of forward camber in the
wing design but the alrfoils had the same leading-edge radius and thick-
ness distribution as those of the present investigation. The effect of
the camber on the wave-drag coefficient was estimated in reference 6 as
roughly 0.0015 at M = 1.5 and 0.0011 at M = 1.9. The difference in
the Reynolds numbers of the tests might account for some of the drag
difference; however, the data of reference T indicated that fixing
transition had only & secondsry effect on the drag-rise coefficients
although a primary effect on the drag coefficients, For the large,
unpolished models of the present tests the results are more equivalent
t0o the transition-fixed data. The theoretical wave-drag coefficients tend
to substantiate the data of the present report and will be discussed in
detail in the next section of the report. It is reasonable to expect that
the drag-rise coefficients due to the modification will increase at Mach
numbers greater than those tested (Mach numbers for which the wing leading
edge is sonic or supersonic); however, the trensonic date indicate that
the penalty for this modification is less than the penalty incurred through
the modification tested in reference 1.

Comparison of Experimental and Computed Drag Coefficients

Experimental and theoretical (ref. 4) zero-lift drag coefficients
are presented in figures 17 through 19. The effects of the various body
indentations with the basic wing asre shown in figure 1T7(a), and those
with the modified wing in figure 17(b). Comparsble zero-lift drag

!1 - ia ".;,
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coefficients for the two wings with the M = 1,20 re-indented bodies are o
presented in figure 18. The experimental data points (figs. 17 and 18)
are essentially forebody data (i.e., drag coefficients for the wing and
the body ashead of the model base) since the base drag has been removed.
An 1llustrative plot of thls procedure for removing the base-drag coeffi-
cients is shown in figure 19 for the test of the Sears-Haack body without
a wing. The base-drag coefficients are based on the wing ares and are | =
fairly representative of the deta obtained with all the models., Any pos-
sible effects of sting interference are evidently small since they are
probably within the magnitude of the indicated differences between the
computed and experimental forebody results of figure 19, -

The theoretical wave-drag coefficients (figs. 17, 18, and 19) were
computed by the method of reference 4 and were plotted as increments above . -
the subsonic level of the experimental data pear a Mach number of 0.8. As -
mentioned previously, the varietion 1In friction-drag coefficients with Mach '
number 1s slight for this Mach number range and was neglected for these
comparisons, The theory used in these computations requires that the area -
curves have zero slope at both ends of the body. For this investigation,
the coefficients were computed from area-distribution curves for models
with Sears-Haack bodies to closure, as shown by the area curves of fig-
ure 4, The computed wave-drag coefficients were then corrected by sub-
tracting the estimated contribution of the cut-off portion. This small —
correction (CDO = 0.0006) is comparable to that used in reference 6 but

was estimated by a different procedure. In this case a supersonlc pressure »
distribution for M = 1.20 was computed for the Sears-Hzack body using the
method of reference 8, and this pressure curve was used to evaluate the A
drag contribution of the cut-off portion of the body.

In general, the asgreement of the computed values of zero-lift drag
coefficients with the experimental results is very goocd. Even in the two
cases where the agreement was the poorest (basic wing with the M = 1.00
re-indented body, fig. 17(a) and the modified wing with the M = 1.20
re-indented body, fig. 18), the trends in the experimental data were
approximated by the theoretical computations. There is some indication :
that the experimental date points at M = 1,075 are consistently high,
and perhaps a little low at M = 1.05 (figs. 17 and 18). Detailed cali- o
bration of the tumnel is not yet completed, but the schlieren pictures at
these two Mach numbers did indicate the presence of weak reflected shocks,
These reflected shocks are known to be weak due to the lack of a positive
identificetion in any of the pressure date as. shown in figure 1k,

A comparative evaluation of the wave-drag predictions for the two
wings with the Sears-Haack body and with the indented bodies, including
the effect of the airfoll modification, is shown in figure 20. A com- -
parison is made in this bar graph of the expérimental dreg-rise coeffi- - -
cients with the predicted wave-drag cocefflclents at a Mach number of 1.00
and at the two design Mach numbers, 1.05 and 1.20. The shortest bar of 5

PR
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the four at each Mach number is the goal sought by body contouring, that
is, wave-drag for a wing-body combination which is no greater than the
drag of an optimized body-alone shape. For bodies with circular cross-
sections, this goal is probably attaineble only at M = 1.00. The longest
bar of the four at each Mach number is the computed wave-drag coefficient
for the wings with the uncontoured Sears-Haack body. The crosshatched
increment is the computed additional drag coefficient due to the wing
modification. The middle two bars at each Mach number are the expected
results with indented bodies, Note that the indented models designed for
a specific Mach number have the lowest predicted wave drag at that Msch
number, and the predicted additional drag due to the wing modification is
essentially zero. Generally, the experimental results confirmed the pre-
dicted bar graphs with two interesting exceptions at M = 1.00. Agreement
at M = 1.00 was not expected because the linearized theory is invalidated
at this Mach number. The first exception was that the modified-wing models
with the Sears-Hsack body had lower, not higher, drag-rise coefficlents.
This effect was partislly substentiated by the pressure data. The second
exception, as noted in prior investigations such as reference 6, was ‘that
the predictions are pessimistically high at M = 1.00. It is also of
interest to note that at M = 1.20 the predicted differences in ACDO

between the indentations for M = 1.05 and M = 1.20 were not realized due
to underestimating the experimental results in one case and overestimating
them in the other. However, a designer might select the M = 1.05 inden- .
tation for this Mach number range, even without the more favorable experi-
mental results, if the airplane had severe acceleration requirements for
transonic Mach numbers.

A further evaluation of the theoretical computations is given in
figure 21, This figure shows the comparison between the given area-
distribution curves (modified-wing model with M = 1.05 indented body)
and the computed check solutions for 25 harmonics, The area curves for
the five cutting angles, 6, used in the M = 1.20 computation of the wave
drag for this one model are shown. The agreement of the check solutions
with the original area curves is considered to be satisfactory, considering
that the boundary-layer displacement thickness was neglected in forming the
area curves used in the theory. In addition, reference 4 has indicated
that the use of a larger number of harmonics msy not be realistic and may
give poorer agreement with experimental results. In order to compare the
variation of the asrea curves used in the theoretical computations, most
of the area curves are shown at a reduced scale in figure 22. The curves
for the M = 1,20 computations for 6 = 70° are deleted for clarity between
curves,

Comparison of Indentations

The re-indentations for M = 1.20 in comparison with the indentations
for M = 1.20 resulted in similar or higher zero-lift drag coefficients at
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8ll Mach numbers for both the basic- and modified-wing models, as shown
in figure 23. Part of the Iincreased drag of the re-indented models is
apparently due to & slight increase in friction drag. With the modified
wing the re-indentations resulted in drag coefficients which were slightly
higher even at the deslgn Mach number of 1,20, As described in detail in
Appendix B and mentioned previously, these re-indentations are designed as
a function of the entire exposed wing volume including that wing volume
exposed by the indentation., The comparison of these experimental resulis
with theory was given previously in figures 17 and 18 and good agreement
1s shown for the models wlth the basic wing. The computed wave-drag coef-
ficlents for the re~indentations were only slightly lower than those for
the normal indentations at the design Mach number of 1.20 (CDO = 0.0001

and 0.0003 less than the normel indentations, basic- and modified-wing -
models, respectively) and were higher at all other Mach numbers. Thus the,
experimental and the computed date indicate that the added wing volume due
to the indentation. (for similar or thinner wings and similar relative body
sizes) can be neglected in designing indentations, since at the design Mach
numbey it makes little difference whether the first or second approximation
to the indentation is made. However, in all cases the added wing area at
each station was included in the total sres curves when the wave-drag
computations were made.

The effects of the various indentations on the experimental zero-lift
drag coefficients are compared in figure 24 for the basic- and modified-
wing models. For all the indentations tested, substantial reductions in
zero-1ift drag were obtained at all the supersonilc speeds, The M = 1,20
indentations for the two wings resulted in substantial reductions in drag
coefficients of 0,0045 to 0,0070 at all supersonic speeds tested and, as
predicted by the theory, the lowest drag at M = 1.20. The M = 1,00
re-indentation for the basic-wing model was successful in reducing the
drag coefficients as intended at M = 1,00, “However, for the configura-
tions tested the M = 1.05 indentations were practically as effectlve as

the M =1.20 indentations at M = 1.20 and as the M = 1,00 re- indentation'

(basic wing) at M = 1.00. Thus this M = 1,05 design is close to the best
compromise design for the test Mach number range and for symmetrical body
contouring. The M = 1.05 body indentation for the modified wing resulted
in the largest reduction in zero-lift drag céefficient (0.0100 at M = 1.05),
The corresponding reduction for the basic-wing model was somewhat less,
although the basic-wing model generally had slightly lower drag
coefficients,

The generel superiority of the M = 1.05 indentatlions at supersonic
speeds is also evident in the maximum lift-drag retios presented in fig-
ure 25, All indentetions improved the lift-dreg ratlos at supersonic .
test speeds in comparison with the values with the Sears-Hsack body. The
comparison between the lift-drag ratios for the two wings has been
discussed previously.

WO
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The effect of the M = 1.05 end M = 1.20 body indentations on the
lift-curve slopes at low angles of attack where the curves are linesr are
shown in figure 26. The M = 1.20 indentations resulted in an increase
in lift-curve slope at the higher supersonic speeds, but a decrease at
M = 1.00 and all subsonic speeds. The M = 1,05 indentations resulted
in greater decreases in lift-curve slope at most subsonic speeds, but
also greater increases at all supersonic test Mach numbers including Mach
numbers near 1.

The effect on the variation of aerodynamic-center position due to
the M =1.05 and M = 1.20 indentations was primarily a delay in the rear-
ward shift of the aerodynamic-center position with Mach number, as shown
in figure 27; however, the indented models had the largest shift in going
from subsonic to supersonic speeds. .

SUMMARY COF RESULTS

The main results of this investigation are as follows:

1. The indentations designed for the modified wing with a thickened
leading edge were as effective in reducing the wave drag as those for the
basic wing, particularly at zero 1ift and at the design Mach number of the
indentation.

2. At transonic speeds the zero-lift drag coefficients for the two
wings were similar; however, at Mech numbers near 1.2 the basic-wing
models consistently had drag coefficients which were lower than modifled-
wing models with the Sears-Heack body or with indentations designed for
the same Mach number,

3. The M = 1.05 indentations were practically as effective as the
M = 1.20 indentations at M = 1.20 and as the M = 1.00 indentation (basic
wing) at M = 1.00. Thus for the configurations tested the M = 1.05
design is probably the best compromise design for the test Mach number
range.,

4, For similer or thinner wings and similar body sizes relative to
the wings, the wing volume exposed by indentation of the body may be neg-
lected in designing indentations for a supersonic Mach number; however,
this additional wing volume was included in all the wave-drag computations.

5. The experimental wave-drag coefficients were adequately predicted
in each case at all supersonic Mach numbers.

Ames Aeronautical ILaborsatory
Nationel Advisory Committee for Aeronautics
Moffett Field, Celif., Nov. 26, 1956
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APPENDIX A
4
SYMBOLS : - . : -
agpect ratio, _2b
(1+N) eq
1 . .
dimensioniess parameter, ~—m————— oOr R
e ess p e p o -
" ten Qg
1+A .
(6), .0+ ()00en traesan
ref -
model span - o _
drag coefficient
zero-1ift drag coefficient ) , ' ’ =
rise of Cp above subsonic level (M ~ 0.8) o
o
1lift coefficient L - -
pitching-moment coefficient about ﬁ' for the basic wing i'

pressure coefficient, —7§L

locel chord of wing measured parallel to the plane of symmetry
local chord, ¢, at intersection of area cut with leading or
trailing edge, whichever is the greater dlstance from the
center line
(The edges are considered as extending to their point of L
intersection.)
mean aerodynamic chord of the total basic'wing
local chord of the design airfoll sections

perpendicular distance from c¢y to center line - - s

meximum lift-drag ratio
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free-stream Mach number

number of terms or harmonics used in the theoretical computations
of wave drag

local static pressure on the model
free-stream static pressure
free-streem dynamic pressure
Reynolds number

perpendiculer distance from edge of body to center line; radius
of body

projection of Sg on a plane perpendicular to x exis

area formed by cutting configurations with planes tangent to the
Mach cone

total wing area including the region within the body

at &, the cross-sectionsl wing ares projected on a plane
perpendicular to the x axis

local wing thickness

t/c

normalized thickness-chord ratio, z;773————
d
e}
max

planes tangent to the Mach cone
Cartesian coordinates as conventional body axes

distance from the wing leading edge to a point in the wing-chord
plane measured in the x direction

distance from c¢5 10 a point in the wing-chord plene measured in
the negative y direction

engle of attack

t
constant ratio of thicknesses, %I at a glven percent chord

o 1
nondimensionslized varisble of integration, <§é> tan Orm
(integration from wing extremities to plan-form center line)
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limit of integration, at the body, Mg~ M

limit of integration, at the wing tip, equals ne-nb/2 for
/2 < Me and 0 for Mo/2 Z‘Ue

angle between the =z eaxlis and the intersection of the cutting
plane X with the yz plane -

leading-edge swee® . -
trailing-edge sweep
reference percent-chord-line sweep

c

taper ratio, EI
o

distance-in the x dJdirection messured from the intersection of
the configuration center line and the wing leading edge

angle in the ' xy plane between the intercept of the cutting
planes X with the =xy plane ard the positive y axis,

arctan(~/M?-l cos )

sheared-wing leading-edge sweep, arctan(tan AiE—tan_w)

sheared-wing trailing-edge sweep, arctan(tan Aqp-tan V)
Subscripts

indentation

maximum value

reference percent chord line : =
body center-line location

wing tip location

(|
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APPENDIX B

COMPUTATION QOF WING CROSS-SECTIONAL: AREAS

AND RE-INDENTATIONS

A wing cross-sectional-area computation procedure applicable to wings
of any sweep and any normal taper ratio (0_5 AL 1) is presented. The
procedure is, to'a large extent, based on the work. of Jarmoclow and Vandrey,
reference 9. The equations are written primerily for wings with streight-
line surface elements slong a constant-percent-chord location. The air-
foil section at the center of the wing may be similar or different from
the tip airfoil section. An equation is also presented for a wing with
linear thickness-ratio variations.

Indentation formulas which include the added wing srea due to the
indentation (re-indentation) are written for a Mach number of 1.00 and
for supersonic Mach mumbers. These equations are spproximstions, but are
conslidered entirely satisfactory for thin wings and for indentations that
are not too abrupt.

COMPUTATION CF WING CROSS-SECTIONAT AREAS
General Area Equation for Wings With Linear Varistion
of Physicael Thickness

The general equation in nondimensionalized form, which is derived
later in this appendix, is:

n
c 2 Li Pl
5(8) _ K(—3> f £ (n)1-[1-M,(n)] =>— } an (1)
egZ Co/e 1 /2
KE
where
t/e
_ (+/ )Umax
tan QIE
fl(q) = [g] = normalized thickness-chord ratio along center-line chord
o (varies with percent chord, a function of 1q)
[t/e],
£ _(q) =—

2 [t/e];
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[g] = normalized thickness-chord ratio along tip chord -
v (varies with percent chord, a function of 1) ¥

The equation gives the wing cross-sectional area at each station £, along
the center line; n d1is the variable; for each &, co 1is a constant; _
however, ¢, 1is & function of &.

Equation (1) can be used for any Mach number. For Mach number 1.00
the wing plan form is handled directly; however, for Mach numbers greater
then 1, the symbol, ten Qry Includes the effect of "ghearing"” the M > 1

wing to an equivalent M = 1 wing. (See following discussion and defini- ;
tions in fig. 28 and Appendix A.)

For Mach number 1.00, the wing-aree cuts are perpendicular to the x .
axis (fig. 28(a)). One computation of wing cross-sectional ares at each
station, £, is all that 1s needed. TFor Mach numbers greater than 1.00,
the Mach planes will no longer cut the wing perpendicular to the x axis.
If the wing is considered to lie within the xy Dplane, for Mach numbers
greater than 1,00, the Mach planes tangent to the Mach cone will cut the
wing not only at the angle, ¥ = arctan./Mz-l, but also at smaller angles,
¥ = arctany/M2-1 cos 9, (due to planes tangent to the Mach cone along a ) -
line not in the xy plane). In order to compute the complete drag for
one Mach number, M > 1, the areas at various roll angles 6 should be
computed, - (See ref., 4.) - -

The equations have been worked out for planes cutting a wing
perpendicular to the x axis., For M = 1.00, then, the cutting planes v
are in the proper position, For Mach numbers greater than 1.00, the '
shearing technique of reference 9 was used to make all cutting planes
perpendicular to the x axis. The wings can be sheared such that the e
resulting area perpendicular to the x axis is an area equivalent to -
the projection of the oblique cut on the yz plane., Thus, the procedure .
is to shear the wings and compute the area perpendicular to the x axis } _
as in the M = 1,00 case., The shearing is defined in figure 28(b). This
shearing will also affect the wing plan~form parameter a since & 1is a
function of the angles shown. The sheared wing will have a new leading-

edge angle, :

Qrp = arctan(tan App-ten ¥)

and a new trailing-edge angle i} : - TZ

g = arctan(tan App-tan V)
For M = 1.00, tan ¥ is zero. Note that tan ¥ 1is a function of the - "i
Mach number and the cosine of the roll angle, and as cos 6 changes from B
plus to minus, tan ¥ will also change. - o 5?5

b\ TN
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In this analysis the wing thickness has been consgidered as lying
in the xy plane. This concept introduces an error in the vertical
direction for Mach nmubers greater than 1.00. However, this error is
considered insignificant for thin wings ((t/¢)g,, = 0.06 or less).

The equation for camputing areas for wings with linear spanwise
variation in thickness along constant-percent-chord lines will be devel-
oped from the simple area integral equation. With this linear thickness
variation the wing surface ls composed of straight-line elements. The
cross-sectional area at one longltudinel station, &, may be written as

S(&) =ft dy' (2)

where y' is taken in the opposite direction to y and is measured from
the spanwise station at which the chord length is c¢y. One may write a
new variable of integration, 7, by nondimensionalizing y' as follows:

y’

?

For M = 1.00 cuts 7 =-%— ten Arm which is similar to the notation of
o]

reference 9.

The thickness, t, at any point on the wing plan form will be expressed

ag a function of the thickness at the center of the wing, t;, and the
thickness at the tip, t+; and t; and tg will be the thickness on the
percent-chord line passing through this point (fig. 28(a)). At any
percent-chord station:

t
t = tg=(tg-tr) %%5

where, from equetion (3) end figure 28,

A;y" _ e—y' _ TNe™1

b/2  b/2

My /2
and thus

()
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The chord, ¢, at any point can be expressed as a function of the
chord, c,, located at the intersection of the area cut and the outer edge
of the wing (extended if necessary), figure 28, and as & function of the ¢ _
tangents at the leading and trailing edges.

¢ = co+y'(tan App-tan Aqg) = co<;-+2> (5)

Note that a change in tan ¥ does not affect the chord, ¢, An expression
for the ratio of thickness to chord can be obtained by combining equa-
tions (4) and (5) end introducing cy.

t.__ % [Eg ] <32 ] Eﬁ) “e'"]
¢ eoli+(n/a)] L Co ~ %/ Myyz =

and since
LIt St Nt S N _
Cs G+ S5 Cg T
_ then -
to % E_<Ef._ 7\_t_'r> NeN (6) »
¢ ¢ [1l+(n/a)] L% s .S/ M
o} . b/2

The normalized thickness ratio is the ratio of thickness-to-chord -
ratio at any point, to the maximum thickness-to-chord ratio at the center
line; the normalized thickness ratio wlll range between O and 1 unless - =
the tip sirfoil section has the greater maximum thickness-to-chord ratio.
By definition, .

[EJ ) (t/:):max - (75

then

[_t{l (&/e); o [3:} _ By ; ete. -

]

c

T ) (t/C)Umax ¢ ) (t/C)cmax
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a2 (- B
c ey el el c /o 1+(n/a)
then from definitions given with equation (1),
t Ne™M 1
Z1=2r -[1-MF : 8
[c] 1(11){ [1-Af,(n)] o } Tr(n/2) (8)

The final equation (eq. (1)) is obtained by substituting equations
(3), (5), (7), end (8) in equation (2) and nondimensionalizing with the
center-line chord,

(eg/ey) . (t/e) R -
s(g) 1019 Omax £ (411, (1)1 -2 n}dn
co® tan Qg “,/; : ® Ty /2

which is equation (1). This will give the nondimensionalized cross-
sectional area at station, &, for the particular Mach number and 0

determining QLE'

For convenience in computing, tan Arg, tan App and a can be defined
in terms of a reference angle, such as that used in a wing design.

£ () ) o

tan At =
tan agg = 3 [1- (%) ] (52) tm ae (50)
ref
_(x' l+%
a = (;— s h (ten A, p-ten V) (9e)
The <tan Q. and tan can also be expressed in terms of a. This may

be a convenient form since the 1limits for v are given, as they were
originally derived in reference 9, in these terms:

B (1-7
ten Qg = —Eﬁl—;}\)%i (1.0e)

(10v)
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Application of equetion (1).- For certain types of thickness
variation, the general equation cen be simplified considerably.

Case I: For the most general case, the thickness distribution at
the root chord can be different from the thickness distribution at the
tip chord. There is linear variation in the physical thickness along =a
constent-percent-chord line. This means that f,(n) and f,(n) remain
variables.

Case II: A simpliification in case I 1is possible when the root and
tip sections are the same type but have different ratios of (t/e¢)paxs
that is,

tT
C = 7y, a constant
0/x/e X
and
Ty Cr
/P>
x!/c
therefore

fg(ﬂ) = '72\'

For this situation equation (1) reduces to:

(eo/cq)  (t/c) M -1
S8 E T [ 1) 2 e (11)

cyZ tan Qg Ny Ny /2

Case IIT: A further simplification of case IT is possible when the
streamwise airfoils at the root and tip are similer, that is, the thick-
ness distribution is the same at the root and the tip.

% c
OIEEE
o x?/c ag
therefore
f,(n) =1 i

The equation for the normalized thickness ratio, (8), becomes:

DRANEIERSIN

14
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] _Co o "e‘“] 1
[c] o fl(n)[l (2=N) My/z 4 1+(n/a)
end from equations (3), (5), snd (10)
Me~ ] _ o 3>
[l—(l_m le/z] T eq <l+a
therefore
t
[E:l = fl(ﬂ)
Equation (1) reduces to (see egs. (2) and (5)):
(t/e)g._(eofeg),® P
S(g) O'm.a.X o/ -0 g 2 1
e® = ten g f fl(n)<l+a‘>dn (12)

My

With only a slight alteration in equation (1), a different type of
wing can be handled, & wing with linear variation in thickness-chord ratio
which mey be called case IV. For this wing, the ratio of thickness to

chord (rather than the thickness itself) will be linear. The eguation for
ratio of thickness to chord may be defined as:

OB OO

end the normslized thickness ratio (eq. (8)) becomes:

4] - (2] -{[e] L2 o - e eew 2

o

and the equation for the nondimensionalized area becomes:

(eo/eq) (t/e)g

s(e) ax o N1 < i)
002 - tan Qg ‘1[ fl(T]) l-[l-fz('fl)] nb/a} l+g dn

* (13)

o« -,

hard L
(2. N ’
IR,
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In general, equations for the streamwise shapes of the wing at the
root and the tip will not be available, if plots of these shapes,
[t/c] = £,(n) and [t/c]_ = [t/c] >(n), are given, approximate or mechan-
ical integrating methods can be used However, if the streamwise shapes
at the root and tip are expressible in equation form as functions of ub
the ares can be found by direct integration:-

€=n,0c, For variations in wing
Xeqc, plan form, the primary change
in form of the equation will be
¢ e Co in the limits of integration.
Two symbols take on a different
meaning for wings with certain
. sweeps, For area cuts inter-
7Co secting a sweptback leading
edge (extended if necessary),
t and x' are measured in the
X direction from the leading
edge to the intersection of

-1 the leading edge with c4
co (sketeh (a)). TFor area cuts
intersecting a sweptforward
_l_ trailing edge, & and x' are
__r. measured in the x direction

¥ from the leading edge to the
._L_ intersection of the trailing
b/e | edge with c, (sketch (b)).
Note that for the sweptforward
leading edge, n becomes nega-
tive. In both of the above
cases, the leading and trailing
edges are considered as extend-
ing to their point of intersec-
tion in order to define the
limits of integratlon for some
of the area cuts. For the cuts
where this is necessary cg
wlll lie beyond the wing tip.
Thus the following two sets of
eguations are needed: one for
the sweptback leading edge
(set 1) and another for the
sweptforward trailing edge
(set 2). Set 2 can be obtained

AN from set 1 by replacing x' in

Co F———-y'———1 set 1 by x'-c, and by replac-
ing £ 1in set 1 by &-c,, thus
obtaining equivalent-meaning
values for mncg and necy in
terms of ¢ and x!',

Sketch (a)

ol

€2 79e0,1C

x'*9co+co

Sketch (b)

.‘hl 'ﬁl d

I+
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SET 1t
(Sweptback leading edge)

co/eg = 1-(t/acy)

t/cy

e T 1 (¢/acy)

[(b/a)/cg] (ta.n QLE)
nblz ) l"(g/aco')

_ r/c,(tan Qrg)

N =

1-(t/acy)
g = Me™Mp
Mr = Me™My/p for YA < Mg
=0 for nb/z > Mg
x_ 0
c

1+(n/a)

23

sET 81
(Sweptforward trailing edge)

co/eqy = [1-(&/acy)] + [1-(1/a)]

_ (E/CO-)—l

e = 1-(¢/acy)

| [(6/2) feglten aygl1-(1/a)]
nb/a B 1-(¢&/acy)

_ (r/eg)ten apl1-(1/a)]
1-(t/acy) -

My

M = ne—nb/a for nb/z < e

=0 for Ny /2 2 Mg

n+l

x!__ WL
¢ 1+(n/a)

When the wing cross~sectional area cut coincides with the unswept
percent chord line, equation (1) becomes indeterminate, The following
two equations, (1) for linear physical thickness and (1lhka) for linear
thickness ratio, can be used for computing the wing cross-sectional area:

2
Cq 2¢cqy

s(8) _ (t/c)cmax[(b/e)'r] -{ [t] 4.A[-

) Maey 2




2k

s()  (¥/e)g [(o/2)x]
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taiite il

Cg

2 ey

{ EL(QJ’MJ'E]T(EMD} -

E?E {:[%] (h-%)-[%] (2x+1)}-+ ;;
o T

EERET })

x! _> | o

The following tables of plan forms indicate the differences that

occur in the area solution for the various wings.

(The quantity a is

used as an indicator of the sheared sweep of the leading and treiling

edges, Qrp and Qpg, respectively, since it is a function of both of thesge.)

Equationg for Wings of Different Plan Forms

For wings with taper: 0 <A <1

a IE TE Equations w&?ggigﬁPe

© > a > 1| Sweptback Sweptback Set 1 and eq. (1) [::::\

a=1 Sweptback Unswept Set 1 and eq. (1) [::::>

1l > a > 0| Sweptback Sweptforward E:::;>
When ¢/cy < a Set 1 and eq. (1) | Upper part

t/c; = a Eq. (14) Dividing

line

E/cy > a Set 2 and eq. (1) | Lower part

a =90 Unswept Sweptforward [::::;’

(Indeterminate in this form: Turn wing over and handle

same as second case,)
0> a>-~x Sweptforwaqu Sweptforward | Set 2 and eq. (l)’ [::;;7'

D VMRS -
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For wings with no taper: A =1, a =
Ten Qg Qrps SQqm Equations ngggizzpe
Tan Qrr > O Sweptback Set 1 and eq. (1) Q
Tan Qrp = O Unswept Eq. (1k) :
Ten Qpm < O Sweptforward Set 2 and eq. (1) [::::]

NOTE: The above tables apply for wings with lineay physical thickness

on & constant-percent-chord line; these tables may also be used for wings
with linear thickness ratio on a constant-percent-chord line (see vari-
ation in thickness, case IV) if equation (13) is substituted for equa~-
tion (1) and equation (1ha) for equation (1k4).

Limits of integration (fig. 28(c)) are determined from the geometry
of the wing., The limit at the outer edge of a wing will be, 1,.

M, = T (15)
My =0 when 1o < T/
N, = ne—qb/a when Ne > nb/z

Limit at the inner edge of the wing will be, 7,. For some wing sweeps
there will be a maximum vaslue for 1 which will be called 17
(fig. 28(e)).

?

Y
_ Y max
Tex ~ ¢ ten Orm

Maximum values for 1

ten Org
A and 1
tan QTE
< 1 | Sweptback 2
a-~1
< 1 | Sweptforward| -1
= 1 | Sweptback +1
= 1 | Sweptforward | -1
A1l others o0

VA ey~
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Mo = sy VESD Mg > Tyay

Mo = Mg when Ne < Mmex

When there is no meximum value ('qmax is infinite), My, = Ng. For the
cross-sectional area of the wings with a body, use g in place of 1.

If the cross-sectional ares of the wings with an indented body is desired,
use nBi. _ .

For the computation of wing cross-sectional area with a body (with
or without indentation) the change in the general equation will be in the
limits of integration. For this condition, only the part of the wing out-
side the body need be considered. This means a limit of integration to
correspond with the edge at the body will be needed,® 1.

N h
7rCo
3 ' 1eCo
o 78%0
1T fe———(0-~-T)
\ i3
|—— e Cr
b/e {
Sketch (c)

NgCo = (e-r)(tan Qyp)

Ng =M™y (17)

2Since the wing is thin, the curvature at the body in the yz plane
will be ignored.
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ADDED WING CROSS-SECTIONAL AREA DUE TO INDENTATION; AS(E)
Iet nB:L equal the limits of integration on an indented body.
t/c) i -
ss(e)  (So/°0)g(t/e)o 1 e~
= = == fl(n){ -[1-Mg2(n)] an  (18)
CO_ tan QT.E nb/z
Rz
Yﬂr.c,
| N ¢
l TrCo
ﬁ
¢ 'l T8;c
- _r| l
-~ r TsCo
Co ]
RN '
|
i
\ \
-y \ Co
\
\
. T
-
- b/e >
Sketch (d)

In order to compute ry easily an approximation of AS(E) is needed in
terms of r;.

rs(y) _ (cofoa)g(t/e)oy,,

1
c 2

- r—— fl('ﬂ){ [1-Af2(n)] . n=nB<nBi us

g, ™5 = (ne-nri)-(ne-nr) =y
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(eg/eq), (t/c) n M -z, ) (%
As(z)  Solfaly Omax 1(71){'[1 a2, (Tl)] } (x-r) (tan QrF)
Cq tan QIE 'ﬂblz 1 T] (co)g
A5(E) = £ (q)31-[1-2f, (n)] (r-ry) (19)
() nb/z }n‘ﬂ 1
Iet

G=cc@% 1mﬂ-nxf<nnw2} (20)

n=ng

85(8) = o(z-r,) (21)

COMPUTATION OF THE RE-INDENTATION

The total cross-sectionel area of the exposed wing with the
re-indented body is equal to the difference in cross-sectional aresa
between the original body and the re-indented body. Let

SB(g,r) = cross-sectional area of the original body, at 'g.
SBi(g,ri) = cross-sectional ares of the re-indented body, at &.

Sg(&,r) = cross-sectional area of the exposed wing (with the original
“body) at &.

SE (g,ri) eross-sectional ares of the exposed wing (with the re-indented
i body) &t E.

o
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The exposed wing cross-sectional aresa is:
SEi(g’ri) = SE(E:I')'FAS(g) = SB(E’r)—SBi(g’ri)
Sp(&,r)+a5(E) = Sgp(&,r)+G(r~ry)

Solve for the unknown Ty; this is the general approximate formula for
re-indentation:

SBi(gyri)'G’ri = SB(E,I‘)-SE(g,I')—I‘G (22)

For a body of revolution at M = 1.0 the cross-sectional area of the
body becomes:

_ 2 _ 2
sg(&,r) = nr SBi(g,ri) = wry
>
Substituting in equation (22):

2
:triz—Gri ~ nr--Sg(&,r)-rG

_ GtN/Gz—hn[-nr2+SE(§,r)+rG]
1 ” 2%

when G - O; Sgp(&,r) > 0; ry >

2
e} G Sg(&,r)
Ty %t /(‘a})ﬂz-?-iﬁ—— (23)

is greater than r, that is, aft of the trailing-

£-Cqy

tan Qg

edge Juncture, G equals O; hence equation (23) reduces to

/::rz-s ,
r, = —————%ﬁé;zl _ (2h)

° .._" - " v i
ngrgk

Note: When
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An epproximation of the re-indentation was made for M = 1.2 (body
of revolution) by using in equation (23) the average exposed wing cross-
sectional ares, SEA<§:r): (1.e., the average of the areag at the various

angles of 9 for M = 1,2) in place of the exposed wing area, SE(g,r).

Thus , the re-indentation was made on the plane perpendlcular to the x
axis and AS(E) was evaluated in this plane. For greater accuracy in
evaluating the wing aresas (SEA and the final wing areas), the body, as

well as the wings, was sheared for each 6 angle,

e
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[A1l coordinates are referred to the chord &f the NACA 644006 section and
are in terms of percent of that chord.
ere identical to those of the basic wing. The 6LAOO6 sections are perpen-
dicular to their own quarter chord line, which is swept 39.450.

e tdied -

TABLE I.- COORDINATES OF THE AIRFOIL SECTIONS

Asterisks indicate coordinates that

streamwise quarter. chord line is 40.60°,)]

NACA RM A56K26

Sections normal to 39.45° sweep line

Streamwise sections

Station B?gizog%glg Modified wing| Station | Basic wing | Modified wing
-1.50 0 -2,03 0
-1.25 .733 -1.69 .705
-1.00 .588 -1.35 .9L8

-.75 1.173 -1,01 1,123
-.25 1.455 .34 1.395
.00 0 1.573 .00 0 1.505
.25 - 1.675 .3k === 1.603
.50 i85 1.765 672 L6l 1.685
.75 .585 1.843 1.008 .559 1.750
1.25 .739 1.980 1.677 . 705 1.893
2.5 1,016 2,211 3.340 .965 2,098
5.0 1.399 2,500 6.624 1.317 2.356
7.5 1.68k4 2,677 9.845 1.571 2.501
10 1.919 2,800 13.02 1.775 2.585
15 2.283 2,947 19.21. 2.077 2.679
20 2.557 3.00k 25.20. 2,289 2,690
25 2.757 2,996 30,99 | 2.k28 2,637
30 2.89% 2.995 36.62 2.511 2.598
35 2.977 2.999 ko, 05 2,541 2,558
ko 2.999 3.000 47,32 2.520 2,520
Ls 2.945 * 52,44 2.438 *
50 2.825 5741 2.302
55 2,653 62,22 2,132
60 2,438 66.90 1.931
65 2,188 T1.45 1.709
T0 1.907 75.87 1.468
75 1,602 80.17 1.216
80 1.285 84,35 .963
85 .967 88.L2 .715
90 649 92.38 Ry
95 .331 96,24 .238
100 .013 \ 100.00 .009 \
iﬁgﬁiﬁg edee .246 1.190 J167 .810
Center of
leading- x = 0,26 | x = -0,310 x = 0.167 x = -1.22
edge radius

(Sweep of
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Modified-wing bodies
1.20
pe and equati

1.0‘5{!(

o%me LAY RRRENHARSB ARG LI NE A
h..h...u.-u.h. 33333333222 333333333333333333333

M=

3m$M%%75uﬂ S8R NBEYBIROBOIELRERAR L Q8N
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indentation
See figure 3 for body she

M=1.20
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h—..n_..u.\u...h. 33333333333333333333333333333333

MACH NUMBERS, INCHES

3%mmuwm1mhﬂWmBme LRI UBHLIGRE KRN

h..h..h..-n—.hh-.h—. 333333333333333333333333333333

Basic-wing bodies
M=1.05 IT.V[ = 1.20 Lm-

589N 28I NN ARBSEBE IDHL YL IR LIG K AR
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Redii the ssme for all bodles.

M=1,00
re-indentation
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body
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TABIE IT.- RADIT OF BODIES INDENTED FOR EACH WING FOR DIFFERENT DESIGN
station | Haack

x, in.
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“Start of the indentation.
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il i
TABIE III.- ZERO-LIFT PRESSURE CCEFFICIENIS, Cp

(&) Body pressure coefficients; basic wing with Sears-Haack body

M = 0.90 M= 0,95 M = 1.00 M=1.05 M=1,10 M = 1.20

) Top. | Side | Top | Side | Top | Side | Top | Side | Top | Side | Top | Bide
*8/e3 © | -9 | 0° | -90° | o | -90°.| 0° | -90° | 0° | -90° | 0° | -g0°
-1.295 | 0.100 [ 0.098.{0.110 | 0.117 | 0.147| 0.145 | 0,167 | 0.163 | 0.164 | 0,164 | 0.135 | 0.135
-1,035 -==1 .027 ---1 .036 ---] .060 --= | .082 ---| .080 --= [ .0T5
-.T75 | -.0034{-.,006 | ,OO4 [-,00%| .030| .030( .OM5{ .O43| .08} .035| .O4L | ,035
-.5 -,012 | ~-,027 |-,024 | -,030]| -.007 ] -.012 | -,003 | .009 | .018| .005| .009 | .oO4
-.3 .000| .000 | ,020(-,020] .0©5| .020| .0kO| .020{ .050{ .030| .0%50| .030
-.2 -.035{-.020|-.035|-,025| .020| .005| .055| .030| .o45| .ok0O| .050{ .030
-1 -.080|-.080 -.115 | -,105) -,100| -.110 | -, 045 | -, 060 | -.0kO [ -,055 | -,020 { -.Qk5
-.05 -~ | ~,005 --= |-.,0l0| ---1{-.155 --- | -.110 --=|-.100| =~--|-,080
0 -,065| .240|-,055| .250]|-.160| .200{~-.110]| .215|~-.100| .205]-.075| .180C
05 -=- {~,003 —e= 1 QLO| =-==| .025 ---] .020 -—-| .055 -~ | .055
.1 ~.0k0 | ~.073 |-.020|-.07T0] ~.040| ~.055 .| ~.075 | ~.050 [ -.060 ] ~.085 | ~.050 | .000
.2 .020 | -.035 |-,0L0 {-.030| .050! .025|-.050|-.090|-.030|-.080|-.040|~-.060
.3 .030|-.005{ .050| .015| .100| ,080 | ,005 ~-.0k0| ,0lLO|-.025]| .0O7 |-.055.
A 050 .03 | .065( .o50| .115| .100| .OSO| .O75| .100| .090| .080| .065
5 .olo| .010! .020|~-,005| .065| ,050| .05Q.| .020| .060| .OMO| .060| .035
.6 .080| .060| .100| .080| .155( .130| .ikbo| .1m10; .145| .135| .120| .0%5
.7 .010]-.020| .015|-.010{ .075| .060| .090| .075| .145]| .125| .130| .120
.8 .080|-,080|-.,120 { ~.120 | -.055 | -,055 | -.0ka.| -,030 | .030| .030! .030| .030
.9 -.090|~-.055 | -.180 | -.165 | -.115| -.100 | -,100 | -.080 | -.020 | -.010 | -.015 | -.0LO
.95 ---{-.020| =---|-.090} ---[-,120} -=-}-,060] ---}|-.025 --- | -.015
1,00 | -.060} .020{-.130|-.,010(~.,155]| -.075 | -.125 | ~-.040 | -,050] -.015 | -.05¢C | -.015
1.05 ---| .030 --- [ .020 - -.065 --= | -.060 ---|-.,005 ---|-.020
1.1 -.030| .000|-,030]| .010|~-,125|=-,050|~-.155|-.075 [-.110{ -.030 | ~.090 | -, 045
1.2 -.025{-,020|~-.015 | -.007 } -.210| ~,200 | -.,110 { -,080 | -,090 | -.060 | ~,070 | -,0L5
1.3 -==|-.020.{ =---[-.0LO -—-]-.135 ---|-.,070| =---|=-.070 --- | -.060
1.4 -,020(-.,020 |(-.0L0 |-.010]| -.135]| -.240 | -.090 | ~,090 | -.080 | -.080 | -.065 | -.070
1.6 -.025 | ~.025 | -.020 | -.020 | -.005 | -.020 | -.095 | ~.080 | -.080 | -.090 | -.055 | -.050
1.8 -,090 | -.040 | -,050 { -, 045 | -.020| -.005 | -.080 | ~.080 | -,095 | -.100 { =.095 | -.095

(b) Body pressure coefficients; modified wing with Sears-Haack body

-.3 .035| .035| ,020]| 030 .,075| .00 .030|-.030{ ,OOT|-.015]~-, -.137
-.2 027 055 | .01k | ,035( .or7| .OkO| ,107| .OLO| .OS5T|-.020|=-.030|-.110
-.1 .008{ .098 |-.003 | .100| .052| .137| .085 | .103| .116(-.025] .100]-.035
-.05 --= | ,287 -== | .295 -—-| .325 -=-1 .335 ---{ ,285 -~ ,190
0 -.021| 150 |-, 05| .162| .005| .190| .oko| .2k7| ,065{ .270{ .082 | .283
.05 ---| 000! =~---| .,000| =---| .02k == 130 =---| J20) =~--] ,135
.1 -.050 | ~-.045 [-,080 |-,020 | -,041| -, 040 [-,000 | .068| .020| .06T] .OW3| .090
.2 -.075{-.075 |-,110 | -.090 | -.073 | -.085 [ -.045 | .000 |-.009| .005 | .012| ,035
.3 -.097 | -.087 |-.133 |-.112 | -,097 | -.103 | -.065 | -.0O45 { -, 026 | -.025 | -.012 | ,003
o -.118 | ~,100.{ -,162 |-,123 | -.115 | -.109 | -.090 | -.060 | -, 040 | -,040 | -.033 | -, 020
5 -.135|-.135{-.212 | -.270 | -.150} -.120 | ~.130 | -.103 | -.070 | -.055 | -.055 | -, 040
.6 -.090 | -.187 [-.250 |-.225 | -.175 | -.175 | -.157 | -.140 | -.098 | -.103 { -.075 | -.082
T -.055 | =,167 |-.227 |-.255 | -,195 | -.205 | -.170 | ~.175 | -.120| -.130 | ~.095 | -.125
.8 -.047 | -.130 | -.145 [-.273 | ~.210] -,220 | -.16Q | -.205 | -.135 | -.1%0 | -.11% | -.130
.9 .005 {-.,067 |-,050 | -.285 | -.170} -.230 | -.12Q.| -.200 | -.107 | -.145 | -,107 | -.227
+95 --=|~.020 --= | =172 - | -,220 - =,180 --=-| -.1k0 --= [ =,120
1.00 .025( .037| .007 |-.030]|-.123|-,195 | -.0667| -.130 | -.066 | -,107 | -.088 | -.105
1.05 ---] .o70 -1 ,035 --- ] -.167 --= [ =.060 --= | -,045 --- | -.,040
1.1 .27 .035| .019| .015{-.065|-.130 (~.030|-.090 [~.055|-.050 | -.043 [ -,050
1.2 .027 | .o0o7 | .010|-,010| .050|-.015 |-.085 {-,132 |-,085|~-.,072 | ~.060 { -.067
1.3 --~ | -.005 - |-.026 | OO ----|-.100 ---|-.108 --- | -.080
1.k .o022| ,012| ,000]-,030] .,OMO| ,OMT |-.060|-.06T7 |-.055|-.055{~.070|-.065
1.6 ---| 026 --- | 022 ---]-.106 m—= | =060} == |-.065 - | -,055
1.8 ---| .0L0 === | =.007 === | =~,010 -—= | -,055 ~-- | -.068 --- | -.,062

Igee figure 6 for the definition of the notation.

T ENTTAL
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TABIE I1I.- ZERO-LIFT PRESSURE COEFFICIENTS, CP - Continued
(e) Body pressure coefficlents; basic wing with M = 1.05 indented body

M = 0,90 M = 0.95 M=1.00 M=1.05 M=1,10 M= 1,20
6 Top | Side | Top | Side { Top | Side | Top | Side | Top | Side | Top | Side
¢! /cJ o° -g0° o° -90° o° -90° o° -90° o° -90° o° -90°
-1,265 | 0.100 | 0.09810.110 | 0,117 | 0.147 | 0.145 | 0.16T | 0.163 | 0.164 | 0.16% { 0.135 | 0.135
-1.035 C-== 027 ---1 .036 -—=| .060 ~—-] .082 ---] .080 -— | 075
-.T75 | -.003|-.006| .00 |-.004{ .030| .030} .o#5| .o43| .O48( .035| .ob1r| .035
-.5 -.012 | -.027 | -.024 {-.030| -.007 | -.012 | -.003| .009| .018| .005| .009| .OO4
-.3 -.015{~,010{-,030|-.030[~.015}-.030 |-.015| .000]| .0LO| .020]|-.005| .020
-.2 -.035{-.030}|-.0451-.035(~.005| -.015 | .000| .0LO| .0C20| .020 000! .000
-.1 -.060| -, 085} -.075]-.065 | -.050 | -.055 | -.035 | -.025 | -.015| -.020| -.025 | -.0R20
-.05 ---|=-.025 ---{-,050 --- | -.100 --- [ -.080 -—| -.070 --—]-.040
0 -.095| .220{-.110| .220|-.185{ .195|-.150| .210|-.120| .200}|-.110]| .175
.05 -— | .000 -~ | .000 ---] .010 -] 057 ---|] .080 -—-] 065
.1 -.125{-.070|-.145|-.,080}{~-.155} -.050 | -.130| -.030 | -.070| .010| -.095{-.010

.2 -,130{ -.3451{ -.170}| -.170 | -.125 | -.120 | -.125 | -.,120 | -, 065} -.085 | -.080 | -.
.3 -.100|-.125}-.105| -.135 | -.095 | -.136 | -.125| -,135 | -.065 | -.095 | -.O75 | -.110
A -.050}|-,100|-.085 | -.115| -.065| -.115 | -.110 | -.125 | -.055 | -.075 | -.070 | -.100
.5 -.025 | -.060 | -,060|-.090 | -, 025 | -.0TO | -.090 | -.,090 | -.025 | -.035 | -.045 | -.070
.6 o045 | 000 .025|-.005| .030] .000|-.020(-.0M0{ .035| .015|-.010|-.030
T .085 55| .05 .ok0| .090] .055) .065| .o030| .110{ .080| .07O| .O4O
.8 .085| .oto| .o7t0| .055| .095| .o0TO| .080| .06O| .145| .1204 .100| .080
.9 .070| .060| .o60{ .035| .090| .065| .080| .055| .150| .130 10| .095
.95 -—— JO45 ---1 .010 -] 045 -1 .08 -—| .120 ---1 .090
1.00 -.015| .020|-.040]|-.030| .020| .025| .o00| .ok0O| .O7O| .l0O| .080| .o80
1.05 -— | -.015 -e= | -.060 -—--1{-.010 ---1] .010 ---1 .050 -— | .055
1.1 -.065|-.050|-.0851-.080|-.055|-.055 | -.100| ~.065 | -.O4O | -.015| -.0kO | .00O
1.2 -.095| 1080 |-.110|-.090| -,170| -2110 | -.1%0 | ~,095 | -,100| -.060 ] -.085 | -. 045
1.3 --- | -.080 -—-1-.090 -—- | -.155 - ~.110 - | -.090 --- | -.070
1.k -.055 | -. -,080{-.0801-.175|~.155 | -.150 | ~.120{ -.120| -,110| -.085 | -.080
1.6 -.060|~-.060|-.075]|-.075|-.080{-.080|-.,1%0 | ~,127 | -.125 | -.120] -.090 | -.085
1.8 -.0k0j-,040]-,050}-.050| -.025 | -.025 | -.170| ~.090 | -.105| -.100 | -.110 | -.090

(d) Body pressure coefficients; modified wing with M = 1,05 indented body

-.3 -.060}~-,065}|-.065}|-.055|~.030|-.025 | -.050 | -, 040 | -.020| -.020| -.020 | -.020
-2 -.070| -.050 ~-.050| -.040 | -.010| .,010|-.020]~-.025]|-.020]| ~.005| -.010 | -.010
-1 -.15}~-,020|-,115|-,015}-.060| .010}-.050]|-.030|-.050( -.035| -.045 | -.050
-.05 ---{ .00 ---1 .020 -—1 .000 | -.060 ---1-.115 ---1-.110
o} -.170| .175|-.160| .195]|-.150]| .235]|-.200| .210|-.175| .180|-.155| .160
.05 - | -.205 ---1-.180 - -.095 = | ~.090 - - - | -.055
.1 -.160)-,2251-,175| -.220 | -.110| -.250 | -.1k0 | -.190 | -.115| -.160| -.000 | -.1k5
.2 -.130]-.175}-.155| -.200 | -.095 | -.260 | -.125 | ~,185 | -.090| -.200| -.065 | -.205
.3 -.100|-.120|-.120| -.135} -.090 | -.140 | -,125 | -.170 | -.100| -.125 | -.085 | -.135
A -.070|~-.080]-.085|-.080{-.080| ~.100 | -.120} -,135 | -.095 | -.100 | -.200 | -.105
.5 -.05]-.055|-.000|-.050 | ~.O040 | -.050 | -.095 | -.,100 | -.075| -.080 | -.075 | -.085
.6 .0 .,000| .030( .000| .050| .010|-.030|~-.045]|-.025|-.0%0( ~,010]-,050
7 .090| .o40| .00} .050| .120| .075| .100| .030| .07O] .050 090 | .0k0O
.8 .1oo{ .05 .105| .o50{ 125} .095| .145| .055| .095| .o090| .130} .065
.9 .075| .o%0| .oto| .035| .100| .085| .1ko| .05T! .080| .100] .125| .O7O
.95 ---{ .000 -— | -.010 ---1 .050 ---] .040 -— ] .090 ---1] .065
1.00 -.020|-,025| .005|=-.030 .055 .025| .100| .020{ .ck0| .OTO| .095] .050
1.05 --=|-,080| ---|-.040| ---[-.005 ---|-,015 -=-| .005 ---| .035
1.1 -,060|-,050| -.045 | -,050 ]| -,025 | -,030| .000|-.030]|-.040] -.030 00} .025
1.2 ~.080]-.065|-.085|-.055}{-.100| -.075 | -.080 | -.060 | -.105 | ~.07T0| -.050 | -.020
1.3 --= | -.,070 --- | ~,065 ---1-.110} =---}-,090{ =~---|=-,110| =---[-.060
1.k ~,087|-.010|-.200]| ~-.070 | -.1%0 | -.205 [ -.130]| -.110 | -.240 | -,120| ~.085 | -.075
1.6 ~.080 | -.060|~-.090{~-.060|-.045}-.035 |-.130{ ~,110 | -.130 | -.100 | -.095 | -.090
1.8 -.030(-.030|-.030{-.030] .o10| .010}-.080|-.075]-~.080]~.065|~.095|-.075
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TABLE IIT,~- ZERO-LIFT PRESSURE COEFFICIENTS, CP - Continued
(e) Body pressure coefficients; baslc wing with M = 1,20 indented body

M = 0.90 M= 0.95 M = 1,00 M=1.05 M=1.10 M=1.20

8 Top Side Top Side Top Side Top Side Top Side Top Side
§'/cJ o° -90° 0° -90° 0° -9cP 0° | -90° o° -90° o° -90°
-1.295 | 0.100 { 0.098 { 0.110 { 0.117 | 0.147 | 0,145 | 0,167 { 0.163 | 0.16% | 0.164 | 0.135 | 0.135
-1.035 -—— 1 .027 ---] .036 --=1 .060 ---] .08 ---] .080 ---{ .075
-.775 | -.003 |~.006| .00k [-.004 | .030| .030| .ok5 | .03 | .O48| .035| .os1| ,035
-.5 -.012 |-~.027 | ~.024 | -,030 | -.00T | -.012 | -,003 | .009| .0L8| .005| .009| .oOk
-.3 -.055 {~-.036 | -0k | -, 0k2 [ -,030 { -, 024 | -,010 ]| -.008 | -.00T { -.015 | ~.009 | -.015
-.2 -.016 |-.038|-.000|-.042! .010|-.004 | ,019|~-.017| .015]-.021| .005|~-.023
-.1 -.040|-,003 (-.023{ ,000| .O0L7| .O46|-.0207)-.020|-.0l2(-,027}-.0L7|-.032
-.05 --- ] .037 ---| .061 -—= 1 099 ---| .000 --=-.031 --- | -.030
0 -.005] .258]-.020| .274| .062| .319|-.007|-.287|-.027| .260{-.026| .215
.05 -~~~ .085 -— 100 --={ .150 ---"| .150 --=1 150 ---1 .125
.1 -.016] .016| .005 037| .056| .090| .0551 .092| .051| .097|-.020] .082
.2 -.037 |-.06k | -, 010 |~.050| .035! .020| .Oh2| .O4k|-.179| .O45{ .050( .036
.3 -.,08L (-.,105|-.057 |-.090 | -.0L0 | -.030| .0OT| .0O5 | .OkO| ,Ol7| .030| .010
i -.102 [-.150 | -,083 | -.133 | -.27 | -.070 | -, 012 | -, 087 | .025| -.006| .013|-.0l5
5 -.13% {-.196 | -,123|~-,183 | -,068 | -,110(-.058 | -.090 | -.010| -.,031 | -,0L5 | -.OkL
.6 -.160 | ~.236 | -.153 | -.226 | -.100 | -.160 | -.075 | -.125 [ ~.02T | -. -.,022 | -,067
.7 -.191 | -.255 | -,197 | -.256 | -.149 | -.197 | -.120.{ -.170 | -. 042 | -.118| -.055 | -.103
.8 -JAbk7 {-.176}-.230}-.273{~-.181 | -.218 | -,15Q.{-.185 | -.083 | -.123 | -,088 | -.115
.9 -,091 |~.110} -.223 | -.276 | -.176 | -.236 | -,1k2 | -,185 | -.085 | ~.125 | -.082 | -.123
.95 --= | -.058 --= | ~,2k0 - | -.227 -~=-1-.183 ---{-.123 --=|=.125
1.00 -.048 | .005 ~--{=-,110|-.203 ]| -.150 | =120 | ~.137 | -.123 ] -.100| -.117 | -.215
1.05 -—= | .o027 ~--{-,016 -—-|=-.100 --={=.072 == | ~.,055 --- 1 =,050
1.1 ---| OOk |~-,223| .OOL -—= | -.116 =1 ~,100 -—-1-,090 -== | =077
1.2 -.058 | -.007| -.027| .02k |-.22Q|~-.126}-.237|-.090|-.191|-,051 | -.13% | -,067T
1.3 --=~ | -.01k -—-| .03k ---{-.107 ~-=|-.065 --= 1 -,045 --- | ~.058
b -,0b8!-,018|-,019( .017(-.127]-.106|-,075|-.060{-.,202|-,050]| ~.085 | -.055
1.6 -.048|-~,022|-.031|-.003{ .013| .OLT|-.095|-.071 | -.107|-,09%4 | -.083 |-.062
1.8 -.049 {~-.027 |-, 0k2 |-,030| .02k | .0L9|-.076|-.078|-.083(-.083]|-.092}-.07C

(£) Body pressure coefficlents; modified wing with M = 1.20 indented body

-.3 -.030 | -.020| -.045 | -.030 | ~.025 | .000|~-.010! .01O|-.005| .020] .005| .020
-.2 -.170 {-.020| -.220 | -.030 | -.140| .0LO|-.090]| .020]~-.075| .025]-.055{ .020
-.1 -.110¢{ .000}-.080}~-.010|-,290|~.065]-.235]|-.10Q| -.205 | -.110 | ~,170 [ -.055
-.05 ---| .020|' ~--| .0LO ~=-|=-,155 --- | -.160 -~ | -.170 -—|-.135
0 -.070| .2k0|-.095! .250(-.030| .175(-.045| .215|~-.080| .210|-.130| .160
.05 --- | -.060 ---]-.020 ---| .000 ---1 ,0L0 ---1 ,030 -—= 1 040
.1 -.025{-.200| -.035 { -.207 | .035 | -,155|-.010|-.160|~.020| -.1k0 | -.055 | -.085
.2 .000 |-.050| ,005!-.055| .07T0| .020| .005(=-.090| .025]|-,105| .005|~-.100
.3 .020} .000| .030| .000| .090{ .065| .030| .005| .060| .O15| .okl | .000O
A 0251 .020] ,055! .025| .108)] .095| .075 | 060 .090| .O75| .070| .055
.5 .20 | .0k0| ,055| .od2| .,110{ .115| .095| .08 | .120| .105| .095| .090
.6 0w | .os0| .05 .ok0| .080| .105| .080( .o90| .120] ,115| .110| .11l0
T -.080|-.,000} -,140 | -.015 | ~.060| .050|-.045 | .060| .020| .090! .025 110
.8 -.075 | -.110| -.185 | -.180 | -.122 | -,195 | -.110 | -.07O | -.O45 | -, 015 | -.030 | ~.0LO
.9 -.070 | -.080| -,205 | -.19Q | ~.160 | -,125 | -,150 | -,115 [ -.085 | -.045 | =.OTO | -.O45
.95 -~ | =,055| = === | -.180 --= | =.140 - | =.115 --- | -.050 ---|-.055
1.00 .035 [-,010}-,120]|-.120 | -.170 | -.095 | -, 140 | -.100 | -.090 | ~.060 | -.080 | -. 060
1.05 ---] ,035 ---1=-.030 -—— | -,020 --=1=-.030 ---] .000 --= | ,000
1.1 185 | ,005| .200(-.040|-.160|~-.07T0|-.105|-.085|~-.080|-.055 | -.050{ -.030
1.2 185 [ -.0k0| .200|-.085]-.180}-.250|~-.120|-.100] -.120| -.085 | -.105 | -.070
1.3 ---1-.030 --={=.030 - | ~.155 -—- | =,095 --=|~,087 --- [ ~,070
1.k ~.025 | -,025 | -.045 | -, 040 | -.005 | -.025 | -.095 | ~.080 | -.100| ~.070 | -.090 | -.070
1.6 -.045 [ -.030] ~.070 [-.060{ .000{-.010-.035|-.045|-.085|-.060|~.060{-.070
1.8 -.03%|{=-.025| -,030| .,030| .070|-.145| .035(-.100|-.065|~-.075]-.040 | -.060




NACA RM AS6K26

TABIE III.- ZERO-LIFT PRESSURE COEFFICIENTS, CP - Concluded

(g) Wing pressure cosfficients; basic wing with Sears-Eaack body

M=0,90 M=0.99 H=1,00 =1.05 M=1.10 H=1.20

016 { 0.5 | 0.85 | 0.18 | 0.51 | 0.89 | 0.18 | 0.51 { 0.8 | 0.18 | 0.51 [ 0.89 | 0.18 | 0.5 | o

&
o
B
p
1
)
3

o
o
o
3
o
g
°

0.000 | 0.570 | 0.A95 | 0.490 | 0.600 | 0.510 | 0.590 | 0.625 | 0.5%0 | 0.520 | 0.635 | 0.560
-— 1§ 10| e-=] —-| ,110] -—

-— -.078| =—--| .08l (-.011| =-—-

05 -, -.109 | =175 .030]-.10e [ ~.169] 060} -.0b1]-.,132
-.129 | -.223 | .c@3 |-.075 | -.165

-0
-.030

:
3
i
;
¢
:
-
i
:
!
;
i

8
|
3
18

a588ERR
5

550 =60
80 -— —
058 -.05L -.062
. ar| -. -.12 -.068
.20 | -.100]-. -.2%0 | -. ~,161 | -,261 | -,002 {-.120 | -.219 | -.OL1 | -.08k | -.151 | .aa7]-. -.103 R .
.30 | ~.1k0 | -.222 | -.280 | -.210( -.200 | -.339 | -.062 | -.161 [ -.268 -.guaz -.120{-.203 | -.001 | -, -.160 -.070 { -.
A0 [ -1t -.a5|-.1% ) -.250{ -.372 | -.109 | -.202 | -.31k | -, -.162 | -.265 | -, - -.220| ~.0h9 | -,100 | -. 14T
.50 | -.215|-.267|-.180 | -.200{-.303 [ -.k0O [ ~.191 {-.2ho0 [-.388 | -.128 | -.212 { -.311 | -. LN -.270 [ -.080| -.1h0 | -
60 | -.266)-.228)-,130 ] -. -.385 | ~.k2L | -,198 | -.27% | ~.400 | ~.17L | -.246 | -, 380 | -,120 | ~,293 | -.308 } =, 113 | -.179 | -.238
70 | =270 | - -.070 | -.290 | -.3%9 [ -.006 | -.233 [ -.300 | -. 439 [ -.205 | -.256 | -.300 | -.1h2 [ -.2¢k | -.328 | -.1k1 | -. -.270
K -.180 | -, -.000 | -.30R | -.2%0 | 07T {~.255 | -. -. -2 | -.260 | -.377{ -. - -.325 | =155 | -. -.
90 |-, J010] .100]-. 030 .13k -, -.239 |-, -.200 -.203 | -.100 | -.147 | -, ~— | -.188(-175
533

¥
&

}
i%
gk

4%
(U L

|..|.
§

REISRBINIRIRI

Bh¥EGRE5RER
By Bk

P
N

3
U UL

sbdikaREk 113

b
AV}

&

35BBBEEERERE
;
B3BEREGY

o
d
LI U U I |

5
§
§

E§E§§§§
bk
5

NI

Py

3
8

pabhERERBSR Y| (SREELERERNRIS
&8

287

{4

ok5

1) W asure coefficlents; basic wing with K = 1.03 nted body

.000 —1 Ags [ -—1 e8| 5] —] 25| Jsk0 s00f — | 3] Wss] —T 6007 &
025 -.11% ——|-205| —| |- — | ~—- —— |- M0 | ~—]-.035]| --
.25 | -.1h0 | -, ——] =155 ]| ~ Ok | = |- 180 | =075 | ~— ) ,a5) —|-.100] .000
-5 =120 | -, -.1k0{-.165-.065} -, -.135 | -.085 | -.180 -.090 ~.090 | -.C20 | -. -. -. -
A0 | -5 |-, -153 | -.118 | -.095 | -.145 | -.125 | -.09% | -.175 =135 | -.075 [ -.055 | -.065 § -.100{ -. -
.20 -.go -. -.195 | -.090 | -.120 -. -.125 [ -.125 | -.195 =157 | =-.083 [ -.090 | -. -1, | -.105 | -
30 | -0 - ~ 205 -.008 | - 1k5 | -, -.0b5 | =145 | ~.280 - 20| -,05 | -, 218 [ -.1%5 | -, =120 | -
o |-y -, -.19% | -5 -.153 | -.330 | .o00}-.160|-.2T5 -.280] .0e8|-.137|-.235|-.037[-.135 | -
.50 L0053 | -, =160 | 010} -.265|-.305] .05 |~-.160 |-.290 -.315] .030]-.150 | -.262 | .R0}-.165]-
.60 K- REN -5 | W08 | -.160 -, .030 | -,1%0 | -.310 =380 -.130|-.305| .oz3|-.185 |-
.70 Ko LR EN -.075 | -.003 ] -.130 | ~.035 | .030]-.135|-.3%0 -3hs | -.095-.315] 055 -.160 |-
.80 00T | -. -.015 | -.020 ] - .035 | .0e0 | -.125 [ -.030 -.200] . -.050 | -.2b0| .25} -.100] -
.90 .000] . .050 [ -.0es | -, Q10| .0e1i-.030( 155 220 L000] 2651 .025]-.

3883885835 1 1¥[ |BR8BEIERRRI1

05 inde

£

:
i
|
:
:
;
;

B
¥e51 gl
55
&
2531 38

18
3
i
18 (8

8
1§

haBRasaERAEE)
;

o
o
<]

§
Beyeii
EGR
L

v

1
B23k
L B I B

1
L
it
(]
1
n
1

26

%
g83BB%
LU I A |

kN
o
}
2
-
)
.
]
P
5'“
1973
-}
NN

32

;
5

B3B3ELEEES
§3EbEas

8
5k
Y

E9aBGEiEY
3

8

ShaEEELS
kBak
R
R
3RE3EE

s
8
§
B
[=]
5
%

§8EE8Y1 18

:

;
a
:
:
:
i
:
!

553358 | 3l |H3KS

5§
B
;LII
]

1§
t
i
2
|
i3
3
!

iy g e

b
\n
8
o
g
83688

8d
RRERERRSE

B

§a328381

v
..
.

§8888288

3
L
8

BEGYERIEEERIS

B35985E3EGE1E

88482

8
&

HEGHBEESEG|

»
8
8
R

2REEGRREGRNY [2|RRREERE
;
|
:

3
5488

8
8
g
»

3218
5BBEGEEEaRAR!
§
;
5

[T

§

¥

i

LS

8

|
518)=|uEGE

(1) Wing sure coefficients; modified wing wi = 1,20 indented body

000 [ -— 580 Sho| —-| S50[ 85| -—| S80| STB| —-| S00] .
a25f -,085 ) ~—] —-l-.Oi8| -==] ee-]-,@@0]| -~ -—]-. — 020] ee-]| ——=[-015] -—

025 | ~.250 | ~, -— | =228 | -, — - ~ A5 | - |-.205]-. —|~a60[~.310| |- -.220

.00 | -.270| ~.2k0| -.k39 | -.260 | -.250 | - Wh5 [ -,2k5 | ~,180 |- -.260|-.295 | -.395 | -.285 | -.37T0 | -.370 | - -.328 | -,
10 | -.168 ] -.28%1 -, -.200 | -.19% | -.399 | ~.1T9 | ~.1k0 | -.265 | -.230 | -.205 | -. -.200 [ ~.229 | -.30T { -.200 { =.310 } -.
20 |-.090(~.130] - -.085 | -.1k3 [ -.300 | -.00 | -.087 | -.210 | -.. -.180 | -.210 | -.13% -;m -.180|-.050 | -.230 | -.
.30 | -.030[~.105 | -.190 ] -.025 | -.120 | -.285 | .0R0 [-.060 |-, -.0k0 | -.00% | -.365 | -, - =110 | -.008 | - -
Ao | -.005 [ ~.110f -.110 | -.025 | -.105 | -.3%0 | .030 j-.065 |-.2k5(-.005|~.078|-.200| .020|-.037|-.1k0| .OL5|-.060]-.
50 | -.005 (-, -.100 | -.030 | -.125 | -.320 | .030 |-.100 {-. ~.000 | ~.000 | ~.2k0 | .20 |-.ON5 |-.175( .005]-.073}-.
60 [ -.0M5([~.130] -, -.039 | -.220 [ -.165 [ -.005 | -.1%0 | -.315 | -.000 | -.122 | -.265 | . -.060 [-.220| .ces|-.095-.
.70 | -.080f-.110] -.055 | -.08% | ~.2%0 | -.000 | -.030 | -.190 | -, -.020 | - -.28 | . -.200 | -.230 j-.080 | -.050 | -,
.80 | -.110]~. -.000 |-, - Soh2 | - -.190 | -.280 | -.115 | -.175 { -.290 | -.095 [ -.129 | ~.235 | -.050 | -. -
.90 |-.010] .020| .065|-.190|-.03% | .108]-.135|-.130| .150|-.120|-.1¥5] .215{-.065|-.115] .275| ~---|-.100 .

$85EREEERE! 1Y) |528EREESSE! 1T




NACA RM AB6K26

PLAN

/

\

AN ERM P 39

Dimansions in fast
Slottad wall detoil

13.92 —

Modal support sysfem-—]

—13.71

17

1T

| o — — —
™,
u

S P S
| - —— —
i A U o puy |

Test section
33.75
1

]
Q

Alr 1

ELEVATION
rd Ay
aJ.\J

Nozzle
36.75
d

\:—IL_II—II_IL..II_I
a h
i

Air flow




40 o S phoy il - NACA RM AS56K26

i
L

A-20417.8

Flgure 2.- Rear view of test section and model support system of the
Ames 1h-foot transonic wind tumnel,

sy



) [ 4 v
04c¢
Basic (NACA 64A006)—  _ __ _ _ | —+| 30.45°
Modified {(see table I)ﬁr,\———’/— ‘:IL \/\
A Airfoll nose sections A ,
“ Section A-A { / — &
s 4

A
Ve — Airfoil sactions
7 / perpendicular fo

1
£

4

2 </

g ' A7
/'\ . 7 12450 [ ——"
B * \\ T ]\\ = 3

|

Equuhon of fuseluge radii
[' ]3/4

AH dlmensnons in inches

Figure 3.- Two-view drawing of the basile aspect-ratio-3 wing with the fineness-ratio-12.5

. \ N l-—\ 29.23

\\ \_ .
: \,\ —T=2172
N

N\
+———— 52,75 - N
—
——l 1,69 }ﬁ—
- 88.73
1=112.50

Sears-Haack body, and sketch of the modified wing section.

Y

e

GGV W VOVN

e & TETENAN Y

Th




LA

1o
100 A
',/ \\‘
90 74
L
Modified wing
/
80 I% II 'L\’lj \\
Baslc w ng\ J !

bl
Wi \

/| b\

'i .
/ N

~
o

o
o
/

4]
o
W

\/Seurs-Hnnck body

£
o
e

Cross-sectional area, Ss, s¢In.

/

¥

30 / N

T Test body huse/ Y

20 TN
IR

10 /1 i N
} N

o] \\

0 10 20 30 40 50 60 70 80 80 100 10O 120
ruseiage sigiion, in.

(a) Sears-Hasack body; basic and modified wings.

Figure k.- Cross-sectional area dlstributions for the bodies and wing-body ccmbinations (M = 1.00).

ch

Nt

¥ W VOVN

£}

9eAg¢




4 REERES

W H o )] ~
o o =] o Q

Cross-sactional area, Sg, sq in.

N
o

——— M=1.00re-indentation

— — M= 05 indentation

Total configurations
/"i.
LD
\

Lt ¥
/;\ N
\

N
|

N
<
]
/7
/

F4 Bodies alone — ]

N

Test body base —\

N9
(=]
L
(=)

40 50 60 70 80 a0 100 no
Fuselage station, in.

{b) Body indentations for M = 1.00 and M = 1.05, basic wing.

Figure k.- Continued.

2
5
2
]
B

£




- IRFRNIR

Cross-sectional area, Sg, sq iIn.

80

(2]
o

4]
O

»H
o

W
o

N
o

10

— — — Modified wing

Total configurations N

ZammAl
/(_ LY — Sears-Haack body:
; N
/1IN ';‘—’\\/
L \\ \ ;, '\
I/ \\\\ ﬁ/ \\
)/ \\‘\ ]41
/ \\\\ /Z N\

—Mm=1.05indentations

7 Test

body base —

i

[ ] e ] e ] e —— —————— —

10 20 30 40 50 60 70 80

w
o

100 10 120

(e¢) Body indentations for M = 1,05, basic and modified wings.

Figure 4.- Continued

trh

i m

¥V W VOVN

-
=}

oG




)
A}

4 i

Cross-sectional area, Sg, s in.

=
C

60

50

H
o

30

20

10

| N I B
L L .
Total configurations ~|\ // \\ - nB‘%zll‘;i::j"glnq
N/ \
yaul
P amn N
a7 AN
ﬂ’: < Sears-Haack body
Jres N
/ \\ \ 1&& \
AN 4 N
\ \ 4 N
1/ \\ \\/4( \\
A
I/ T \—M =|.20indentations N
/ RN
y 4 ; A\
, \
/ \
J4 TN
/ Test body base —\I N
: AN
| \\
0 10 20 30 40 50 80 70 g0 0 {00 o 12

Fuselage station, in.

(d) Body indentations for M = 1.20, basic and modified wings.

o

2
2
2
&
o)
R
[#)

an




Pz eieis o\

[T 5 (41 N -~}
Q C o o )

Cross-sectional areo, Sg, §q In.

n
o

A \ / Sears-Hoack body

Test body base ——\

20 30 40 50 60 70 80 90 100 no
Fuselage station, in.
{e) Body indentation and re-indentation for M = 1,20, basic wing

Figure U,- Continued.

120

oh

(.

9e9GY W VOVN




NACA RM AS6ERG

Linemeis™

H A
ac e
© L~
Ea
S e
[12] RN PRV DN PSS I pu—
AT
\\\\\ s ®
AL 2 £
7 £ =
/ R & 2
e \ . F
~
J#// vd
“ +
\ ) )
/
/ \“\ g
A4
[
N
////
//
~
//
v
o o) o Q o O (@) o
w ™~ w v < [12] ol -

‘ut bs '5g ‘peJn [DUO|28E-58019)

O

L)

o

O
)]

D
<0

)
7’

Q
w

Lo
ud

o
<t

Q
44

O

o

Fuselaoge station, in.

(f) Body indentation and re-indentation for M = 1,20, modified wing,

u7



48 liﬂ NACA RM AS6K26

i i

A-21321

-

re~indented body.

«20

N

A-21320
~ T
Oy

\
)
Figure 5.- Representative photogrepbs of the models.




1] i L 4 1 L) ]
=
Pressure X y =
_station  _inches Erey =
I 42  -1.298 =
2 743 -1.035 :::
3 1744 ~T75 gl\
4 24.86 -5 @\
5 30.24 -3
6 32.94 -2 Pressure stutlons
- [P . 1
[ 4 ©2,03 =l I N L
s e [T : |||||||| M
9 38,33 0 J
10 3968 05 \
I . 4103 ! I‘ -
12 43.72 2 N\ l L
3 46.42 3 S\ 6 T =bI0
14 49,11 4
15 51.81 5 . .
16 545 6 820° 5550 8:0" 5o5e
7 sTe0 7 N R A
18 DV.90 N~ P2 .
L \ v i
9 82.59 9 -67!5'“ . -67.5°
20 6394 95 __"-90° [ s

2 65.29 L.O | —_— -90
22 6664 .05 \ T /__j \ T
23 6799 Il
24 7068 1.2 \_/ \_/

25 7338 1.3

26 76.07 1.4

27 81.47 1.6 Body section showing pressure stations Body section showing prassure stations

28 86.86 L8 around the body in the region of the wing. around the body.

(a) Body pressure orifices,

Figure 6.~ Location of pressure orifices on all models.

=
Yo




50

Body center line —

halistaml) - NACA RM A56K26

N o
LN\ 45
|
| AN o
| N\ E
f o
|
i _
b/2
Ty
O
: ( 10c Q Orifices on lower surface also
| 0 ) T . at these points, ©
5] ©
| 2
= = . .025
: -
| >
I °
l a2
! g|e
I =
|
|
|
|
|
|
|
§

(b) Wing pressure orifices.

Figure 6.- Concluded.



»
A

"h‘!ﬁ :

Reynolds number, R

U

o

]

0

6 4 .8 9 1.0 1 .2
Mach number, M

Flgure 7.~ Reynolds number varlation for the tests based on the mean aerodynamic chord of the

Lo~ ¥
vasic wWing,

gesIgGY W VOV

5

TS




\J
-8 O——() Basic wing ®
[J—=—=[] Modified wing
.6
M= 0.60 .00
ToHN T 2 |
: 80 ;
L L | / J P 1.20_|

o
N
g
TS

4

w2

Lift coefticient, C|
]
a4
N
~
ol
al
o
N2
|LL\
-~
AQQ

- : £ n o
c ; o S s N O (O B s Y O -
0 :-‘"7 14 'le—(—-ﬁ? ANAN -4
/,EI'LF , 41 | )3f F? 7 FH
-2 _I_l/ _/ / /
Bl I KISy

-4 0 4 8 12 for M=0.60
Angle of attack, a, deg

(a) Cp, ve. «; Seers-Haack body.

Figure 8,- Aerodynamic characteristics of the bagic- and modified-wing models with the Sears-Haack
bod.y-l

3
=
2
z
5
(2%




MACA FM AS6KR6

RSy

L‘i

| If%O
g |
$
)5

&

I'Oﬂ-.')
o]

YA

A
B
o

/

&

|
H
/i
)

d

95
1%
/

® 0 < e o N
19 *jueroryye09 1411

M,Féﬁa%g . .\.r,

-l for M = 0.60

Pitching

(b) Cy, vB. Cp; Sears-Haack body.

Figure 8.~ Continued.

53



it S A

“Lift coefficlent, G

Wy e

D

o

Qo

Drag coefficient, Gp
(e) ¢y, vs. Cp; Sears-Haack body.

Figure 8.- Concluded,

O—C0 Basic wing
[~ - - Modified wing
7050 .00 1.05
El/lrj EI'?LO 5 .90 ,/j? // )/ . /o/r:':— l:lo »
—D/ ._/']/Iﬁg/ ,..;P/ Z D/ rﬁ?{ﬁ
// E/ F % _ /Er ):(‘ z
S8 F A e g
Eg , ———% 4%
] ;
b R N\
Fe \B I o
02 04 .06 08 for M = 0.60

74

9ZIGEY W VOVN




-8 O——-0 Basic wing - E
[1~~~[] Modifled wing | =
A 2
1.00 s
M -Jgieo ol 1.5 Lio o ‘%\
+/ ﬁ /7 0 o ‘5" ! o
-4 f;' —'.BO .g 5 1T 'I{ /r’l/ ,4/1
. A 1 s0] § a; {
© ,9" Wl P x b o)
T A 3! a at 0 va 3]' Efj
S -r-P, 1'05[ E’a .l:fg & ,E ,d Il
b i’ : : :
§ 0 . .. j : 5 Jfg, r r
: L el & ;(d ; ‘
vy / /| A o1 o /
e [BLL Lol 1S / A y; / 7
IRViRVINEN 4 _
¢ B /“f A O
-4 o l-]
-6
-4 0 4 8 12 for M = 0.60

a) Cr. ve, a; M = 1.05 body indentations.
L

Figure 9,- Aerodynamic characteristics of the baslie- and modified-wing models with bodies indented
for M = 1.05.

A
\n




g e

Lift coefficient, Cp

———

8 = 12) Romic wina
E —_— EI i:;i—f;o;'wlng

6

M= H(T)_lso L-g)o !.05 I.!O .
A WAR//N B
. : 25 i/ 1/ /4

| s0 | [P | | B | 9| IF
. T glpl Bl lo g

gl el gre T UTIFL IS,
o é_ § ¢ { 1{ g

! _ I ;
M i i N0 Y w51
] "—f"ﬁlﬁ ;

' Lt
-6

Jd o -{ for M *0.60
Pitching-moment coefficient, Gy

(b) Cr, ve. Cp; M = 1.05 body indentations.

Mgure 9.- Continued.

9%

9ZIGGY WY VOYN




TR

Lift coafficlent, Gy

(=

O——O Baosit wing
[]——~[] Modified wing

Y ~H n 110

.20

/’4&1 ’4& /Q/EI

pLC
o~
P AA—.80 98 - L .
T 50 L 449& /M o1 /{{‘{/

/] lo’4 /4 -1

iy aran il
‘AR

g g | & [
AR K YN VE L
Oy - H N
2 1% oy AN ql\\ NN AN
- F \E \\i&‘n \QL N )\\
1T U\\ g \\L Ao
02 04 06 .08 for M = 0.60

Drag coefficient, Cp
(e) Cp, ve. Cps M = 1.05 body indentations.

Figure 9.~ Concluded.

9THGEY W YOVK

aeeppTEETREYE

LG




O——/ Basic wing
[ --—[] Modified wing
6 M=0.60 1.00 .05 )
g AVAVAD
2 o AR AN 4N 40
g.a A EY @F{ b“‘. I;TEV 5 4@4
§ j?fr ?]; . . g ,F.f; Efs ..f_
= 0 P! p J r_& 5 ) . - of
Eﬁ 3 1 ? .).J; ? :J.
Rr.avaveyaAyayayay.
Al 4AN AR AR
-4

-4 0 4 8 12 for M = 0.60
Angle of attack, a, deg

(a) Cy v8. a; M = 1.20 body indentations.

Figure 10.- Aerodynamic characteristics of the basic- and modified-wing models with bodies indented
for M = 1.20.

qc

9IOCY WH VOVN




NACA RM AS6K26

4

/(_‘)"

[[1——-I-1 Modified wing

O——0 Basic wing

|
&

Ll
]

T

% Ot

Figure 10.- Continued.

o]

sol@.@ﬁj o
|

Pitching-moment coefficient, Cm

(b} Cy, v6. Cp; M = 1.20 body indentations.

2 mo.@.mo.ﬁﬂv.@._ﬁ.m@.lb

-l for M »0.60

M=(£§0
:
:
:
;
:




NACA RM A56K26

E-——LCl Modified wing

O—( Basic wing

© 1 /_.Ia . (-)
m - I/. di.’ \\\\l
/mu hNe =17 =
\ > .w@vnu .
10) w g
T
B N )74 S
o - Am/uﬂ_f . Q\ m
RS g5 [ .
/ & A 3
/.l_ > HJ\“ a- 1“1 ..M
o ) 5 £ g
,ﬂ PO B s o 8
T Ve o 4
ﬂ. - % 8 a1 8
- - b n -] M“ 1)
04 =B .. m
w O =
0 _ o o mm__
9 / 8 qm_
[ON Q 9
u | 1
Q TG &
[4]

[

.06

M= 0.60

02

<+ o o) o

19 ‘puejayye0d 1417

wgaf




)

=
| ——— Basic wing &2
=~ === — — — — Modified wing g
|4 — Sears-Haack body Yot ~ =
N >
< \&'\
N
10 NN oﬁi\
k.:_-..*_
» -.'-—.._k
o [
E 6
[=)
~ I8
- 3
) ~—
B4 o = R
= M = .05 indentations T e
o <
- bl
E 6
= |8
o [
N E B .-'-h—-
Id 'h—__.__-_-‘ il ——-—._._____ e ;-_:———-—\\
. . i
M =I1.20 indentations i
\\\
10 <o —
6
B g 8 2 1.0 (R .2

Mach number, M

Figure 11,- Meximm 1ift-drag ratios for the besic- and modified-wing modelg with various bodies.

o
[




w

030 —
Busl_c_wmg )
025 Modifiad wing roR
020 m’i ; A e
. ] /L-l I I ] T
{L).", Sears-Haack body
0I5 w7 AS
P
-0|0[,}_______ == P m—— ] .
S$.005
(&)
= 0
2
©.025
= 020
o . I
2 .0I5 - o 5
S alo £
g e I e A D T e — ¥ T F
= ;- ] M =105 indentations
é 005
L+
N o
020 _Aq_
015 gt
Cio {4 "m‘;y
’ T N = M=1.20 indentations
005
0
8 7 .8 9 1.0 Ll .2

Mach number, M

Figure 12.- Zero-lift drag coefficients for the basic- and modified-wing models with various bodies.

a9

9ZIGEY WY VOVN




NACA RM AS6K26 63

Sears-Haack body
———— M=[.05 indentation

0 \  — M=1.20 indentation

Note: A complete list of the
pressure orifice locations
are shown in figure 6. 8=-90°,
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Flgure 13.- Regions of wing and body represented by the pressure curves
of figure 1k,
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{a) M= 0.90.

Figure 1k.- Representative zero-1ift pressure distrlibutions.
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Basic wing
———— Modified wing

M =1.20 indentations

Figure 1k4,- Continued.
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Figure 1k.- Continued.
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Basic wing

b ———— Moditiad wing

M =1.20 indentations

(e) M =1.10.

Figure 1k.- Continued.
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Basic wing
- — —— Modified wing
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Figure 14,- Concluded.
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(a) Typical M = 1.00 area cut; upper half of wing penel.

Figure 28.- Definition of primary dimension symbols used in Appendix B.
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Example:
ALe = 33.68°
M=L2

8 =112.13°
tany = YM2-1cos8 =-Vs

tanA g —ton¥ atanfd, ¢
2/3 +1/4 = 11/12

al

Oblique area cut

Projected area cut,
or sheared wing normal cut

\\\]

(b) The sheared wing for supersonic Mach numbers.

Figure 28.~ Continued.
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